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Abstract 
Giardia intestinalis is an intestinal parasite responsible for a burden of millions of infections 
worldwide yearly, especially in children. Although the disease affects millions there is poor 
understanding of the pathophysiology of the parasite and how it causes disease.  
Previous reports indicate highly transcribed inflammatory genes in response to the exposure 
to the parasite and to parasite released products. Zfp36 i.e. Tristetraprolin was also reported to 
be upregulated. This project aimed for identifying which molecules could induce or modulate 
the inflammation caused by the parasite on the host. 
In this work we used differential gene expression analyses to identify the response of 
intestinal epithelial cells (IECs) to glycoproteins isolated from Giardia secreted products in 
vitro. The amount of glycoproteins added to IECs and inhibition of cysteine proteases 
affected the transcriptional response of inflammatory genes. There was a modulation on the 
Toll-Like receptor pathway which can affect the transcription of inflammatory genes and 
relate to the results obtained at RNA level. 
This study provided a new insight into how Giardia’s secreted products (glycoproteins) 
interact with the host during giardiasis and shed light over on how some proteins interact with 
cells during the course of the disease. 
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Popular scientific summary  
 
Giardia, a quiet parasite that kills millions 
Giardia is an intestinal parasite that infects millions of people worldwide. It is especially 
common in poor countries and affects children and people with a debilitated immune system. 
Infections with the parasite can be asymptomatic but symptoms of the disease include weight 
loss, flatulence and abdominal cramps. 
But what is so fascinating about the parasite and the disease? Although there are millions of 
people infected and affected by the disease not much is known about it. How does it cause 
disease? How does the human body respond to the parasite? What is the interaction between 
the parasite and the human? 
Many of these questions remain unanswered while some only saw their surface scratched. 
However, more and more awareness has been gathered on the subject providing a better 
insight and a deeper knowledge. Using human intestinal cells, we tried to see how they 
answer when exposed to specific products released by the parasite during infection.  
 
We found that these products reduce the production of some human proteins. This will have a 
cumulative effect and will therefore reduce the efficiency of our immune system in fighting 
the parasite. We also found differences on some proteins that are capable of regulating the 
number of factors that induce an immune response. This indicates that the parasite and 
specifically the studied released products can affect the immune response in several steps and 
through an interplay between several factors. 
 
It is therefore important to continue studying this parasite and the interaction between it and 
the host. This and previous work ones consist only on the tip of the iceberg with much more 
research on the subject being needed.  
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Introduction 
 
Parasite and giardiasis  
Giardia intestinalis, also known as Giardia duodenalis or Giardia lamblia, is an intestinal 
parasite responsible for one of the most common parasitic infections worldwide [1]. Giardia 
is transmitted through the fecal-oral route and has a life cycle with two distinct phases: the 
trophozoite and the cyst. The trophozoite is the proliferative stage and has a tear drop-shape. 
Trophozoites are found within the host and cause a gastro-intestinal disease called giardiasis 
[1]. The cyst is the infective stage, it has a round shape and is resistant to the environmental 
damage because of its hard cyst wall [1]. 
 
Infections with Giardia, or giardiasis, are often asymptomatic but severe cases of acute 
disease with symptoms like weight loss, abdominal cramps and bloating, malabsorptive 
diarrhea (steatorrhea) can develop [2]. Giardiasis can become chronic where sequelae such as 
malnutrition, chronic fatigue, cognitive impairment and extra-intestinal symptoms (urticaria, 
food allergy, reactive arthritis and inflammatory ocular phenomenon) can develop and remain 
after clearance of the parasite [2]. 
 
Around 280 million cases of symptomatic giardiasis are reported each year [3]. 
Approximately 2% of the adult and 8% of the children world population are infected with 
Giardia [4]. Giardiasis is often associated with morbidity in children and adults worldwide 
[5] and the disease became part of the WHO’s Neglected Disease Initiative 2004. 
 
Developing countries are ravaged by the disease with prevalence of giardiasis ranging from 
20 to 30% and in some cases the prevalence can peek up to 100%. Humans in developed 
countries are also affected by giardiasis, with the prevalence ranging from 3 to 7% [6]. 
 
Giardia infections are frequent in animals too due to the parasite’s zoonotic potential [7]. 
Infections in livestock can often be linked to important economic losses [8]. 
 
Treatment of human giardiasis often include chemotherapeutics such as metronidazole and 
other nitro-imidazole compounds [9] but some alternatives such as Sausalin have been studied 
[10]. Nitro-imidazole binds to Giardia proteins such as thioredoxin reductase leading to the 
degradation of the elongation factor-1g (EF-1g) [11]. Nevertheless, some resistance towards 
metronidazole has been reported [12].  
No vaccination is available for human giardiasis but a vaccine for domestic animals was 
developed that might help reduce the zoonotic potential of the disease [13] but it is currently 
not on the market. 
 
Altogether the toll of giardiasis highlights the need for better methods of detection, control 
and prevention of the disease. Further research into the biology and pathophysiology of the 
parasite can help reach this aim. 
 
Giardia intestinalis life cycle 
The Giardia intestinalis life cycle has two major stages (Figure 1). The metabolically inactive 
cyst that survives in the environment and is highly infectious is one of them. As few as 10 
cysts are sufficient to cause an infection in humans [1], [14]. Following oral uptake with 
contaminated food or water, the cysts are exposed to stomach acids in the host, triggering 
excystation which results in the release of an active, flagellated trophozoite in the duodenum 
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[15]. Trophozoites attach to intestinal epithelial cells using a structure called ventral adhesive 
disc, which prevents their elimination from the host intestine by peristalsis [16]. After 
attachment, trophozoites start replicating asexually, colonizing the intestine. A subset of 
trophozoites start encysting after exposure to host bile and changes in the pH in the gut. 
Formed cysts are passed with the stool of infected individuals to the environment leading to 
the continuation of life cycle [17]. 
 

	
 

Figure 1 - Life cycle of Giardia spp. After being ingested the cyst reaches the upper intestine where it is exposed 
to stomach acids and suffers excystation and consequent release of trophozoites is triggered. Trophozoites 
attach to the epithelial cells using the adhesive disc and replicate asexually through longitudinal binary fission. 
Once the conditions become adverse trophozoites start encystation. Cysts are then expelled on the feces and are 
ready to contaminate a new host. [1] 

 
Giardia assemblages  
Giardia intestinalis is divided into eight subgroups denoted as assemblages (A-H). From 
these only assemblage A and B infect humans [18]. Assemblages C-H have a broad host 
range varying from mammals to cetaceans and birds [19]. Assemblage A is represented by 
isolate WB whereas assemble B is represented by the isolate GS [20]. Both isolates have, so 
far, been studied intensively with reports indicating significant difference between their 
genomes. This fact may be the reason for the great differences observed between infections 
with these isolates [21]. 
 
Pathophysiology of Giardia infections 
Pathophysiology of giardiasis is believed to involve heightened rates of enterocyte apoptosis, 
activation of host lymphocytes, small intestinal barrier dysfunction, disaccharidases 
deficiency, shortening of brush border microvilli and malabsorption [6]. The decrease in the 
total surface area of absorption and shortening of microvilli result in malabsorption and 
maldigestion which lead to diarrhea [22]. At cellular level, the strong attachment of 
trophozoites to the intestinal epithelial layer leads to mechanical damage, and the release of 
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excretory/secretory products such as cysteine proteases (CPs) affect the intestinal epithelial 
barrier permeability due to the disruption of tight junctions between intestinal cells.  
 
Although the parasite is not evasive, it’s surface proteins or secreted products have been 
found to induce host immune responses as sera from infected hosts can recognize different 
parasite antigens [23]. The parasite, however, can evade the immune system by different 
mechanisms,  which  prolong infection and possibly lead to the severe state of the disease 
[24]. One mechanism is the expression of different variable surface proteins (VSPs) on 
trophozoite surface at different times during infection, escaping immune system recognition 
[25]. Another mechanism is the release of  arginine deiminase (ADI), which reduces the 
amount of arginine available for host cells [26]. Arginine is required for the production of 
nitric oxide (NO), a cytostatic compound for Giardia trophozoites [27]. Lastly, the parasite 
releases cysteine proteases and this has been shown to degrade the cytokines produced by host 
cells attenuating immune cells recruitment to the site of infection [28]. 
 
Host defense mechanism 
Innate immune response 
In order to combat an infection caused by Giardia, antimicrobial peptides are secreted by the 
intestinal epithelial cells to assist on the preservation of the mucosal barrier. Antimicrobial 
peptides such as defensins and lactoferrins have anti-giardial properties [29] and are released 
in an early phase of infection together with NO and reactive oxygen species (ROS) in a B-cell 
independent manner. Immune cells such as mast cell, phagocytes, dendritic cells (DC) and 
chemokines are also attracted to the mucosa [30]. 
 
Cytokines 
Cytokines are small, soluble molecules produced by a distinct number of cells such as 
intestinal epithelial cells (IECs) [31] responsible for the regulation of the innate and the 
adaptive immune responses.  
Prior studies in animals have showed an increase expression of cytokines including TNF-a, 
IFN-g, IL-2, IL-4, IL-5, IL-6, IL-12, IL-13, IL-17, IL-22 and IL-23 during an infection with 
Giardia [32], [33], [34], [35]. 
IL-6 has been reported as being the cytokine that is mainly elevated during giardiasis [32]. 
Th1 and Th2 responses appear to play a role in infections with Giardia since they have been 
reported to be elevated in mouse [36]. Th1 response and the induction of th1-cytokines 
(mainly IFN- g) lead to a pro-inflammatory response that is responsible for killing 
intracellular parasites. Th2 response, on the other hand, leads to the induction of th2-
cytokines such as IL-4 and 5 promoting the production of IgE and eosinophilic responses. 
Excess of Th1 response is counteracted by the induction of a Th2 response and vice-versa. A 
balanced Th1 and Th2 response is therefore the ideal scenario [37]. 
 
Previous reports by Roxtröm et al. [38] on the host gene expression upon interaction with 
Giardia trophozoites described induction of genes associated with immune signaling. Early 
genes such as ccl2, ccl20, cxcl1, cxcl2 and cxcl3 were highly induced. In response to the 
pathogen attachment, IECs produce pro-inflammatory cytokines and chemokines that act as 
regulators of the immune response. This allows for the recruitment of immune cells such as 
dendritic cells, T-cells, B-cells and neutrophils. Induction of specific genes such as ccl20 was 
triggered even when the cells were physically separated from the trophozoites. This indicates 
that the secreted products can be responsible for the expression of immuno-regulatory genes. 
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To verify the impact of Giardia secreted products upon interaction with the host cells a study 
by Ma’ayeh et al. [39] was conducted. This study showed similar results to the one performed 
by Roxström. Genes such as ccl2, ccl20, cxcl1, cxcl2 and cxcl3 were found to be upregulated 
in an early stage of exposure whereas il8 was found to be downregulated. mRNA regulatory 
proteins such as Zfp36 were also found to be upregulated. 
Levels of cytokines/chemokines released into the medium did not correlate with the levels of 
gene expression indicating a possible degradation upon their secretion into the medium. 
In that way, excretory/secretory products (ESPs) induce the differential gene expression of 
inflammatory genes in IECs. It is possible that Giardia ESPs mediate the immune response by 
promoting the decay of cytokines/chemokines. 
 
Adaptive immune system 
When the innate immune system fails to clear the parasite, adaptive immune responses will be 
triggered. Control of Giardia infections by the host require both humoral response and 
cellular immune responses such as release of cytokines like IL-6, TNF-⍺, IFN-g and IL-4, a 
balanced response of antigen-specific CD4+ T cells and the production of specific antibodies 
(IgG and IgA) against parasitic antigens [32]. 
As demonstrated by Langford et al. [40], productions of IgA antibodies and T-cell-mediated 
immune response [41] seem to have a central role when it comes to clearance of the parasite. 
A decrease in CD4+ T-cells assists on the establishment of a chronic infection [42]. 
 
Toll-Like Receptor signaling 
The capacity of the innate immune system to respond and recognize microbial components 
like pathogen-associated molecular patterns (PAMPs) lies on a family of transmembrane 
proteins called Toll-Like Receptors (TLRs) [43]. Pattern Recognition Receptors (PRRs) are 
responsible for sensing the presence of microorganisms. This happens through the recognition 
of PAMPs [44]. Recognition of these patterns initiates the downstream signaling resulting in 
the secretion of inflammatory cytokines, chemokines, type I IFN and antimicrobial peptides 
(Figure 2) [44]. 
TLR1, -2, -3, -4, -5, -6 and 10 are present on the cell surface with the last one being specific 
of mice. TRL3, -7, -8, -9, -11, -12 and 13 localize in the endosome. TLR11, -12 and 13 are 
mouse-specific [45]. TLRs are expressed in numerous cells types including dendritic cells 
(DCs), neutrophils, macrophages, natural killer cells and fibroblasts [46]. 
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Figure 2 – TLR signaling: several immune cells recognize PAMPs that induces conformational changes on the 
TLRs and recruitment of adaptor proteins such as MyD88, TIRAP, TRIF and TRAM. TLR5, TLR1/TLR2 and 
TLR2/TLR6 complexes induce the production of NF-kb through a MyD88 dependent way resulting in the 
induction of inflammatory cytokines. TLR2 is found on the endosome and induces the production of type I IFN 
also in a MyD88 dependent way. TLR4 found on the cell surface begins by inducing the transmission of signals 
for the early phase activation of NF-kb genes in a MyD88 dependent way. TLR4 is then transported into a 
phagosome where bacteria are present. In a MyD88 independent way activates the transcription of type I IFN 
genes and signals for the late phase activation of NF-kb genes.  Both early and late phase NF-kb  genes are 
required for the transcription of inflammatory cytokines. When UNC93b1 interacts with TLR3, -7 or 9 mediates 
the trafficking of these TLRs from the endoplasmic reticulum (ER) into the endosomes. TLR3 activates the TRIF-
dependent pathway to produce type I IFNs. TLR7 and 9 activate NF-kb and IRF3 in a MyD88 dependent way 
that will result in a type I IFN transcription [47]. 

 
Tristetraprolin (TTP) 
Zinc finger protein 36 homolog (Zfp36) or TTP is an RNA-binding protein previously 
reported to be upregulated when in response to Giardia trophozoites and to Giardia secreted 
products [38], [39]. TTP binds to adenosine-uridine (AU)-rich elements (AREs) located in the 
3’ untranslated region (3’ UTR) of cytokine mRNAs leading to their degradation, known as 
mRNA decay [48].The role of TTP in controlling infections is well documented [49]. Which 
Giardia factors that trigger TTP expression is still unknown. 
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Aim of the project 
The aim of this project was to try to identify the inflammation-inducing/modulator 
molecule(s) in Giardia. The project can be divided into two parts: 
 

• Study of the differential gene expression in differentiated Caco2 cells exposed to 
Giardia glycoproteins. Selected genes included regulator of the immune response such 
as chemokines, cytokines and genes encoding for the Zfp36 (TTP). 

• Studying the Toll-Like receptor pathway leading to cytokine production since there is 
no information available on activation of TLRs in intestinal cells. 
This experiment was conducted using Western Blot technique and 
immunofluorescence staining. 
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Material and Methods  
 
Trophozoite culture 
Giardia intestinalis trophozoites (isolate WB, clone C6 – ATCC30957, assemblage A) were 
grown in TYDK medium, pH 6.8, supplemented with 10% heat-inactivated bovine serum 
(Gibco™) at 37ºC and 5% CO2 (Keister, 1983 - see appendix).  
Trophozoites were grown in either 10 mL flat surface culture tubes for culturing or in 50 mL 
Falcon tubes for excretory/secretory products collection as described in later sections. 
 
Cell culture 
Human colonic adenocarcinoma cell line (Caco2, clone TC7 – ATCC HTB-37) was cultured 
in Dulbecco’s Modified Eagle’s Medium – DMEM (Gibco™) supplemented with 2mM 
GlutaMAX™ (100X) (Gibco™), 100U/mL Penicillin (Sigma-Aldrich®), 100µg/mL 
Streptomycin (Sigma-Aldrich®) and 10% Fetal Bovine Serum - FBS (Gibco™). 
Cells were incubated at 37 ºC and 10% CO2 until 75% confluence was reached, subsequently 
passed into 75 cm2 flasks (5-8 x 105 cells/flask), 6-wells plates (1-3,4 x 105 cells/well) and 
chamber slides (8 x104 cells/chamber). Cells passed into 6-wells plates and chamber slides 
were left to differentiate for 21 days after confluence. Media was changed twice weekly 
during the differentiation process. 
All cells used in the experiments had a passage number lower than 20. 
 
Excretory/secretory products (ESPs) collection, glycoprotein isolation and 
quantification 
For the collection of Giardia ESPs, TYDK media in confluent 50 mL Giardia tubes (prepared 
in previous section) were decanted and the tubes were washed three times with sterile Hank’s 
Balanced Salt Solution – HBSS (Sigma-Aldrich®) supplemented with 11.4 mM L-cysteine 
(Sigma-Aldrich®) and 4.2mM Sodium hydrogen carbonate (Merck), final pH of 6.8 at 37ºC 
[39]. The tubes were replenished with pre-warmed modified RPMI-1640 medium (Gibco™) 
and incubated at 37 ºC [39] for six hours. The modified RPMI-1640 medium (Gibco™) 
contained 55.5mM glucose, 22.8mM L-arginine, 11.4mM L-cysteine hydrochloride 
monohydrate, 11.4mM ascorbic acid (all from Sigma-Aldrich®), 2mM GlutaMAX™ (100X) 
(Gibco™), 1mM sodium pyruvate (Gibco™) and MEM Non-Essential Amino Acids (100X) 
(Gibco™), final pH of 6.85 [39]. At the end of the incubation, media containing Giardia ESP 
were collected and filter sterilized. Proteins were then concentrated by centrifugation using 
10kDa cutoff columns for 20 minutes at 3750rpm and 4 ºC [39]. 
To isolate glycoproteins from ESPs, the Pierce™ Glycoprotein Isolation Kit, WGA - Wheat 
Germ Agglutinin (Thermo Fisher Scientific) was used following the manufacturer’s 
instructions. Eluted glycoproteins were further concentrated down to 100 µL using 3kDa cut-
off columns. Eluates from protein collection were stored until later use. The amount of 
proteins were measured using the Qubit™ Protein Assay Kit (Thermo Fisher Scientific) and 
samples were stored at -80 ºC [39] until used later. 
 
Caco2 cells exposure to Giardia glycoproteins 
Differentiated Caco2 cells prepared in 6-well plates (see Cell Culture section) were used in 
this experiment. First, Caco-2 cells were washed twice in pre-warmed Phosphate Buffered 
Saline (PBS) and then 4 ml of DMEM supplemented with 10% heat-inactivated FBS 
(Gibco™) were added to each well. DMEM contained the supplements stated above. Giardia 
glycoproteins were added to each well at 5µg/mL or 1µg/mL concentrations and the plates 
were incubated at 37 ºC [39] and 10% CO2 for 2h, 6h and 18h. Control wells contained media 
only. At the end of incubations, cells were lysed directly in TRIzol® (Thermo Fisher 
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Scientific) for RNA collection or RIPA buffer for protein collection. Samples were frozen in 
dry ice and stored at -80ºC until processed.  
 
Treatment with E-64 cysteine protease inhibitor 
A fraction of the differentiated Caco2 cells (see Cell Culture section) received a treatment 
with E-64 (Sigma-Aldrich®), a cysteine protease inhibitor. Glycoproteins were diluted in 
DPEC water and E-64 (4:1) in a 26:30 ratio. Diluted glycoproteins were added to each well at 
5µg/mL or 1µg/mL and the plates were treated equally as the ones with no addition of E-64 
(see previous section). 
 
Collection of RNA and RNA extraction 
Samples collected in TRIzol™ Reagent (Invitrogen) were left to thaw at room temperature 
then passed 5 to 10 times through syringe with (21 gauge) needle to shear genomic DNA. 
200µL of chloroform were added to samples, and the samples were mixed and incubated for 
2-3 minutes at room temperature. Samples was subsequently centrifuged for 15 minutes at 
12,000g at 4ºC. Following the previous step, approximately 80% of the colorless upper phase, 
containing the RNA, was transferred to a new RNase-free tube. 500µL of isopropanol was 
added to the collected aqueous phase and incubated for 10 minutes at room temperature to 
precipitate RNA. The tubes were then centrifuged for 30-45 minutes at 21,000xg at 4ºC. After 
centrifugation, the supernatant was removed and the pellet was washed twice with 75% 
EtOH. Samples were dried on a heat block at 55ºC and then dissolved after in 20µL of DEPC 
water.  
 
The RNA yield was measured using NanoDrop™ Spectrophotometer (Thermo Fisher 
Scientific). Absorbance was measured at 260/280 nm and 260/230nm wavelengths. 
Acceptable values 1.8- 2.0 for the 260/280nm ratio and 1.8-2.2 for the 260/230nm ratio. RNA 
(500 ng) was also electrophoresed on a 1.5% Tris-Borate-EDTA agarose gel (with ethidium 
bromide) to check for RNA integrity represented by the two ribosomal RNA bands (28S and 
18S). Samples were mixed in sample loading buffer containing urea and heated at 80 ºC for 2 
minutes before loading into the gel. The gel was electrophoresed for 25 minutes then 
visualized using a Gel documentation system.  Intact high quality RNA samples were stored 
at -80ºC until qPCR was performed. 
 
RT-qPCR 
RNA samples were measured in triplicates using the Qubit™ RNA BR Assay Kit (Thermo 
Fisher Scientific). 1µg of RNA was reversed transcribed with Verso cDNA Synthesis Kit 
(Thermo Fisher Scientific) for cDNA synthesis according to manufacturer’s instructions (see 
appendix). qPCR was performed on the genes il8, ccl2, ccl20, cxcl1, cxcl2, cxcl3, zfp36 with 
gapdh used as an endogenous control. Master mixes prepared using 250nM primers (see 
appendix) were used for the qPCR reaction together with Maxima SYBR Green/ROX qPCR 
Master Mix (2X) (Thermo Fisher Scientific) in accordance to manufacturer’s instructions. 
Reactions were run on a StepOnePlus™ Real-Time PCR System (Applied Biosystems).  
 
Immunofluorescence staining 
For immunofluorescence staining, differentiated Caco2 cells in chamber slides were used. 
Cells were washed with PBS and 5µg/mL or 1µg/mL of collected Giardia glycoproteins in 
DMEM were added into each well. Controls contained DMEM only. Chamber slides were 
incubated at 37ºC for 6h 10% CO2. After 6h the media was removed and the slides were 
washed 3 times with warm 1x PBS. Cells were fixed for 15 minutes with 4% formaldehyde 
(Thermo Fisher Scientific) and then washed 3 times (5 minutes each wash) with PBS. Cells 
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were blocked in 100µL of blocking solution (see appendix) added into each well (1-2 hours at 
room temperature). After blocking, primary antibodies (see table 1) prepared in antibody 
dilution reagent (see appendix) were made and 150µL was added and incubated overnight at 
4ºC. 
After incubation wells were washed 3 times (5 minutes each) with warm 1X PBS. 
Secondary antibodies (see table 2) were prepared in an antibody solution, added to the cells 
and incubated for 1-2h at room temperature. 
 

Target Primary antibody Dilution 
UNC93B1 rabbit polyclonal anti-UNC93B1 20:1000 

PDI mouse monoclonal anti-PDI 1:100 
TLR3 rabbit polyclonal anti-TLR3 10:1000 
TLR4 mouse monoclonal anti-TLR4 1:500 
TLR5 mouse monoclonal anti-TLR5 5:1000 
TLR7 rabbit polyclonal anti-TLR7 1:1000 
TLR9 rabbit polyclonal anti-TLR9 20:1000 

MyD88 goat polyclonal anti-MyD88 12:1000 
TRAF3 goat polyclonal anti-TRAF3  1,6:1000 
TRAF6 goat polyclonal anti-TRAF6 1,2:1000 

Table 1 - Primary antibodies used to detect proteins of interest on the immunofluorescence experience. 
All antibodies were diluted in antibody dilution buffer (see appendix) according to the suggested dilution from 
the manufacturer. UNC93B1, PDI, TLR3, TLR4, TLR5, TLR7 and TLR9 (Thermo Fisher Scientific). MyD88, 

TRAF3 and TRAF6 (R&D Systems®) 

Afterwards, wells were again washed 3 times for 5 minutes with 1X PBS. 
After all the liquid was carefully removed, the chambers were removed. 1 drop of Vectashield 
Antifade Mounting Medium with DAPI (Vector Laboratories) was added per well and covers 
were then mounted with nail polish. 
	

Species reactivity  Wave length Dilution 

Rabbit 488 1:500 
Goat 594 1:500 
Mouse 594 1:500 

Table 2 - Secondary antibodies used to detect proteins of interest in immunofluorescence assays (all Invitrogen) 

 
Western Blot  
To correlate qPCR results with the effects at protein level, we studied the effects of Giardia 
glycoproteins on differentiated Caco2 cells using Western blot analysis. TLR signaling 
proteins, involved in the production of inflammatory genes [48], were tested for their 
activation/inhibition. 
 
Protein samples were collected (as stated under Caco2 cells exposure to Giardia 
glycoproteins section) and used for Western blots. Samples were thawed on ice and mixed 
with 4x Laemmli buffer (Bio-Rad) with Beta-mercaptoethanol in a 4:1 ratio. Samples were 
boiled for 10 minutes at 95ºC and electrophoresed on Any kD™ Mini-PROTEAN® TGX™ 
Precast Proteins Gels (Bio-Rad) (100v, room temperature) and transferred onto Trans-Blot® 
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Turbo™ Midi PVDF1 membranes (Bio-Rad) using a Trans-Blot® Turbo™ Transfer System 
(Bio-Rad). 
Membranes were washed with Tris-Buffered Saline with 0.1% Tween-20 (TBST) and 
blocked with 5% non-fat dry milk in TBST for 1h at room temperature. Primary antibodies 
(see Table 2) were diluted according to the manufacturer’s instructions in TBST with 5% 
non-fat milk powder (mouse) or in TBST with 5% Bovine Serum Albumine (BSA) (rabbit) 
and incubated overnight at 4ºC. 
Blots were then washed 3x with TBST and incubated for 1h at room temperature with a 
secondary anti-mouse HRP conjugated or anti-rabbit HRP conjugated antibodies (1:10000 
dilution, Cell Signaling Technology). 
GAPDH2 (Sigma-Aldrich®) detection was used as loading control. 
HRP-conjugated antibodies activity was detected using Clarity™ Western ECL Substrate 
(Bio-Rad) and a ChemiDoc™ MP System (Bio-Rad). 
 

Target Primary antibody 
TTP rabbit polyclonal anti-Tristetrapolin 

TLR2 rabbit polyclonal anti-TLR2 
TLR3 rabbit polyclonal anti-TLR3 
TLR4 mouse monoclonal anti-TLR4 
TLR5 mouse monoclonal anti-TLR5 
TLR7 rabbit polyclonal anti-TLR7 
TLR9 rabbit polyclonal anti-TLR9 

MyD88 goat polyclonal anti-MyD88 
RIP1 mouse monoclonal anti-RIP1 

IRAK4 goat polyclonal anti-IRAK4 
TRAF3 goat polyclonal anti-TRAF3 
TRAF6 goat polyclonal anti-TRAF6 
IRF3 goat polyclonal anti-IRF3 
IRF7 rabbit polyclonal anti-IRF7 

GAPDH mouse monoclonal anti-GAPDH 
TBP mouse monoclonal anti-TBP 

Table 3 - Primary antibodies and loading controls used to detect proteins of interest on Western Blots. TLR2, 
TLR3, TLR4, TLR5, TLR7, TLR9, RIP1 and IRF7 from Thermo Fisher Scientific. MyD88, IRAK4, TRAF3, 
TRAF6, IRF3 from R&D Systems®. TTP from abcam®. 

Reprobing of membranes was carried on using a mild stripping buffer (see appendix) and a 
harsh stripping buffer (see appendix). 
  

																																																								
1
 PVDF – polyvinylidenedifluoride  

2
 GAPDH - Glyceraldehyde 3-phosphate dehydrogenase 
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Results 
 
In vitro models for the interaction between Giardia glycoproteins and IECs 
Caco2 cell line, originated from a human colon carcinoma is a widely used model of the 
intestinal epithelial barrier [51]. This unique cell line grows in culture as an adherent 
monolayer of cells that differentiate after 21 days to express several different characteristics 
of a mature enterocyte (figure 3) [51]. These characteristics include a polarized morphology 
with villi developing on the apical side, tight junctions between cells and the expression of 
hydrolase enzyme activity [52]. 
 

	
 
Different concentrations of glycoproteins and different time points were chosen for this study 
in order to correlate with previous reports [39]. Glycoproteins represent around 50% of the 
Giardia secreted products [39] but no confirmation about their correct isolation was 
performed in this study. 
 
Differential gene expression of Caco2 cells exposed to Giardia glycoproteins 
Collected RNA quality was verified by agarose gel prior to qPCR analysis. Two bands 
corresponding to the ribosomal subunits 28S and 18S visible on the agarose gel (see appendix 
for ratios). 
 
To test whether Glycoproteins of Giardia have immuno-stimulant or immune-modulatory 
functions, we chose a set of inflammatory cytokines that have been previously shown to be 
induced in response to G. intestinalis WB trophozoites [38] and parasites ESPs [39]. These 
inflammatory cytokines included 7 genes which are il8, ccl2, ccl20, cxcl1, cxcl2 and cxcl3. In 
addition, we tested the induction of the gene encoding zfp36 (i.e. Tristetraprolin), whose gene 
product is known to induce cytokine mRNA degradation.   
 
A treatment with E-64, a cysteine protease inhibitor, was also included in the study. CPs are 
accepted as Giardia virulence factors. However, their role on the molecular pathogenesis is 
still unknown. Recent studies showed that CPs degrade several chemokines upregulated in 
IECs upon infection (il8, ccl2, ccl20, cxcl1, cxcl2, cxcl3) [53]. By inhibiting their action, we 
aimed to look to the effect these proteins could have on the immune response by the host cells 
upon exposure to glycoproteins. 
 
The fold change in each gene transcription is presented in Table 4. At 2h, all genes in Caco-2 
cells exposed to glycoproteins at 1µg/mL showed an increase in RNA levels with il8, cxcl3 
and zfp36 being up-regulated more than 2 fold.  At 5µg/ml, only zfp36 increased in RNA level 
(1.6-fold) whereas the rest of the genes were below basal level of transcription with il8 being 
the most down-regulated. Overall, this shows that the amount of glycoproteins added to cells 
induces a different transcriptional response of inflammatory genes. For cells exposed to 
glycoproteins treated with E-64, all genes were slightly up-regulated with 1 µg with zfp36 
being up-regulated more than 2 fold. For cells exposed to 5ug concentration (E-64 treated), 

Figure 3 - After attachment (A) and 
confluence (B) cells differentiate for 
21 days (C) originating a model of an 
enterocyte found in the small intestine.  
Microvilli and other characteristics are 
found in a differentiated Caco2 cells 
(modified from [51]). 

A B C 
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only il8 was up-regulated (1.9 fold, compare to 5 µg without E-64 treatment) whereas cxcl3 
and zfp36, were down-regulated (< 0.2 fold, Table 4). These results show that the inhibition 
of cysteine protease function with E-64 treatment, affects the transcription of inflammatory 
cytokines.  
 
At 6h, there was no high variations at the RNA levels for all genes was observed compared to 
the control. Only zfp36, showed a notable decrease at the level of gene transcription at 5ug/ml 
concentration (with or without E-64 treatment and at 1ug/ml with E-64 treatment). It is not 
known what causes the changes from 2h to 6h or between the treatment with and without E-
64, with further research on the subject being necessary. 
 
At 18h, zfp36 increased 2.8 fold in Caco-2 cells exposed to glycoproteins at 5µg/mL 
concentration. For all the other genes, a slight decrease in RNA levels was observed, with 
ccl20 being the most down-regulated (0.222 fold). The results for glycoproteins treated with 
E-64 the fold change in RNA level was similar to untreated glycoproteins. Overall, it could be 
observed that the RNA levels of inflammatory genes decreased at 6h and 18h, perhaps 
because of proteins degradation during the extended incubation. 
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 2h 2h +E64 6h 6h +E64 18h 18h +E64 

 5µg/mL 1µg/mL 5µg/mL 1µg/mL 5µg/mL 1µg/mL 5µg/mL 1µg/mL 5µg/mL 1µg/mL 5µg/mL 1µg/mL 

Genes             

il8 0,038 2,135 1,905 1,318 0,936 ± 0,259 0,830 ± 0,190 0,957 ± 0,101 1,202 ± 0,184 0,758 ± 0,396 0,677 ± 00,20 0,447 ± 0,092 1,182 ± 0,382 

ccl2 0,981 1,379 1,227 1,410 0,788 ± 0,152 0,819 ± 0,193 0,794 ± 0,253 0,854 ± 0,169 0,896 ± 0,337 0,816 ± 0,114 0,489 ± 0,291 0,772 ± 0,586 

ccl20 0,456 1,190 1,614 1,628 0,842 ± 0,201 0,681 ± 0,155 0,817 ± 0,157 0,859 ± 0,125 0,222 ± 0,105 0,466 ± 0,137 0,410 ± 0,048 0,494 ± 0,094 

cxcl1 0,995 1,668 0,803 1,327 1,008 ± 0,167 0,910 ± 0,197 1,198 ± 0,266 0,675 ± 0,002 0,972 ± 0,150 0,819 ± 0,128 0,823 ± 0,235 0,741 ± 0,278 

cxcl2 0,827 1,384 0,809 1,114 1,126 ± 0,177 0,954 ± 0,169 0,913 ± 0,041 0,723 ± 0,150 1,049 ± 0,236 0,744 ± 0,130 0,671 ± 0,301 0,629 ± 0,334 

cxcl3 0,690 2,034 0,234 1,503 0,921 ± 0,223 1,560 ± 0,520 0,889 ± 0,328 1,172 ± 0,016 0,787 ± 0,105 0,887 ± 0,112 0,822 ± 0,639 0,622 ± 0,533 

ttp 1,683 3,388 0,068 2,261 0,516 ± 0,196 1,121 ±0,923 0,198 ± 0,022 0,030 ± 0,030 2,739 ± 2,113 1,231 ± 0,011 0,680 ± 0,159 0,562 ± 0,051 

Table 4 - Differences in gene expression of the gene set when exposed to Giardia glycoproteins at different time points and in different conditions (with and without cysteine 
protease inhibitor). All the values represent an average (± SEM) obtained from the different biological repetitions that were made: 2h (n=1), 2h+E64 (n=1), 6h (n=5), 
6h+E64 (n=2), 18h (n=2) and 18h+E64 (n=2). For distribution graphic see appendix. 
For primer sequence and full name see primer list provided on the appendix. 
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Figure 4 - Linear graphic of the studied genes from 
Caco2 cells exposed to Giardia intestinalis 
secreted glycoproteins at different sampling time 
points (2h, 6h and 18h) and at different 
concentrations. Caco2 cells were left untreated or 
treated with E-64 cysteine protease inhibitor. 
Negative control wells contained media only. 
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TLR signaling 
Following pathogen recognition, TLRs initiate a downstream signaling leading to the 
activation of transcription factors that result in the transcription on inflammatory genes such 
as NF- kb, MAP Kinases and interferon 3 and 7 [54]. 
 
Western blot analysis was performed on total lysate extracts derived from differentiated 
Caco2 cells upon exposure to G. intestinalis glycoproteins for 6h (Figure 5) to identify the 
induction or inhibition of TLR signaling pathway proteins. The results were compared 
between cells exposed to 5µg/mL and 1µg/mL of Giardia glycoproteins. The results showed 
that both 5µg and 1µg of Giardia glycoproteins decreased the levels of TLR7 (0,2-fold), 
MyD88 (0,3-fold), RIP1 (0,2- and 0,6-fold respectively) and TRAF3 (0,6-fold). It was also 
showed that Giardia glycoproteins increase the expression of TLR5 by 0,9 fold at 5µg/mL 
and by 0,4 fold at 1µg/mL. TLR9 expression increases by 0,2-fold at 1µg/mL and IRF3 
expression increases by 0,9-fold at 5µg/mL when compared to the negative control. 
No change on the expression of TLR3, TLR4, TRAF6 and IRAK4 was observed. These 
results show a modulation in the TLR signaling pathway, which could affect the activation of 
transcription factors responsible for the inflammatory gene transcription. This might explain 
the results we obtained from qPCR, showing a decreased in RNA levels for the majority of 
tested genes. 
 

 
 

 
 

 

 

 

 
 
 

 

 
TLR signaling pathway activation 
The induction of TLRs and adaptor proteins in the TLR signaling pathway was further 
confirmed using immunofluorescence. TLR3, TLR5, TLR9 and MyD88 were further 
analyzed. 
 
As shown in Figure 6, the staining intensity and pattern of TLR3 in Caco2 cells did not 
change between the control and cells exposed to 5µg/mL and 1µg/mL of Giardia 
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Figure 5 - Activation of TLR signaling pathway in Caco2 cells differentiated for 21 days and interacting with 
Giardia intestinalis glycoproteins. A negative control (-) without glycoproteins was added. Interactions took 
place for 6h. GAPDH and ⍺-tubulin were used as loading control. 
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glycoproteins. These results, in part, are consistent with our results of western blots analyses 
results showing no change in the protein level of TLR proteins between treated and untreated 
samples. 
 
 
   

   
 

   
Figure 6 - TLR3 and DAPI localization in differentiated Caco2 cells in response to the addition of Giardia 
intestinalis glycoproteins for 6h. Untreated cells served as negative control (-). No positive control was used. 
Magnifications used were 600x 

 
MyD88 and TLR5 were detected and showed to be positive. When probing for TLR5 a higher 
staining is observed when comparing the control to both conditions indicating an increase in 
the amount of TLR5. The same pattern can be observed for MyD88. 
When combining both TLR5, MyD88 and DAPI it is visible that differences on the staining 
exist throughout the three conditions. Interestingly TLR5 staining is seen in the nuclei at 
1µg/mL. 
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Figure 7 – TLR5, MyD88 and DAPI localization in differentiated Caco2 cells in response to the addition of 
Giardia intestinalis glycoproteins for 6h. Untreated cells served as negative control (-). No positive control was 
used. Magnifications used were 600 
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There is a positive observation of TLR9 on all the conditions. TLR9 staining increases at 
1µg/mL and decreases at 5µg/mL. These results are in accordance to the ones obtained from 
the western blots where a modulation on the protein level can be seen in untreated samples. 
 
 
   

   
   

   
Figure 8 – TLR9, PDI and DAPI localization in differentiated Caco2 cells in response to the addition of Giardia 
intestinalis glycoproteins for 6h. Untreated cells served as negative control (-). No positive control was used. 
Magnifications used were 600x 
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Figure 9 - Detection of TTP in total lysate extracts from differentiated Caco2 cells following interaction for 6h 
with Giardia glycoproteins and Giardia glycoproteins collection eluate. A negative control (-) corresponding to 
untreated Caco2 cells was used. GAPDH served as loading control. 

Tristetrapolin (TTP) induction 
To verify if the previously reported induction of the protein Tristetrapolin (TTP) with Giardia 
ESPs [39] could also be caused by Giardia glycoproteins, Western Blot assays were 
performed on total lysate extracts from differentiated Caco2 cells (Figure 9). Here, 
glycoproteins and eluates collected during protein extraction (no glycoproteins) were added to 
Caco2 cells. At 5µg/mL concentration, glycoproteins stimulate a 1-fold increase in TTP 
expression whereas no change was observed at 1µg/mL. In the case of the eluate, a decrease 
of 0,5-fold is observed. 
This data suggests that TTP is induced with Giardia glycoproteins, however, non-
glycosylated secreted proteins of Giardia appear to have an opposite effect. 
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Discussion 
 
Intestinal epithelial cell response upon exposure with Giardia glycoproteins 
The role of Giardia secreted products on the host immune system is still largely unknown but 
recent studies have been contributing to a better insight into the subject. We hypothesized that 
glycoproteins modulate the immune response by the host. 
 
Previous reports by Roxström et al. [38] on the host gene expression upon interaction with 
Giardia parasites revealed an upregulation of genes largely associated with immune responses 
(ccl2, ccl20, cxcl1, cxcl2, cxcl3). CCL20, a cytokine responsible for the recruitment of 
immune cells (dendritic cells, T-cells and B-cells), dominated the response especially after 6h 
of exposure. CCL20 was also induced even when the parasite was physically separated from 
the cells by a Transwell filter indicating that the secreted products of Giardia are 
immunogenic.  
 
In order to study the impact of Giardia secreted products on host cells, another in-house study 
by Ma’ayeh et al. [39] was conducted. Transcription of chemokine genes (ccl2, ccl20, cxcl1, 
cxcl2, cxcl3) was induced by Giardia ESPs. The transcription of il8 and the activity of 
transcription factors involved in the induction of inflammatory gene transcription was also 
reported. A discrepancy between secreted cytokines present in the experiment medium and 
the transcription of cytokines/chemokines genes was also seen. 
 
Glycoproteins constitute approximately 50% of the Giardia intestinalis secretome and they 
are immunogenic [55]. In response to immunogens, intestinal epithelial cells up-regulate and 
express the chemoattractants IL-8, CCL2, CCL20, CXCL1, CXCL2 and CXCL3, which 
recruit immune cells to the site of infection [31]. Therefore, it is not surprising to see their 
upregulation in cells exposed to glycoproteins secreted by Giardia during an early phase of 
infection (2h). The trend observed (upregulation in an early phase and downregulation in a 
later phase of exposure) is consistent with the one observed in parasite and in parasite 
released products [44-45]. It is, however, surprising to find a slight downregulation of ccl20 at 
6h, previously reported by Roxström et al. [38] and Ma’ayeh et al. [39] to be upregulated. It 
is possible that the glycoproteins that induced ccl20 transcription had been degraded or are no 
longer active at 6h. 
 
A possible explanation for this decrease might rely on the induction of Tristetraprolin which 
has been reported as an inhibitor of pro inflammatory cytokine production [56]. This 
speculation requires further investigation. 
 
E-64 binds irreversibly to the active site (thiol group) of cysteine proteases, inhibiting their 
action. This affects the transcription of inflammatory cytokines in an early phase of infection 
(Table 4). However, no change in the levels of transcription were observed in late infection 
hours i.e. 6h and 18h. Further investigation and additional biological repetitions are needed 
for the formulation of a concrete conclusion. 
 
Overall RNA levels increase at 2h and decrease at 6h and 18h possibly due to a protein 
degradation after an extended period of incubation. Running an SDS PAGE gel of the 
supernatant followed by coomassie blue staining and comparison with a control (cells and 
glycoproteins) treated similarly before infection should confirm this scenario. 
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The amount of glycoproteins to which the cells were exposed induces differential gene 
expression profiles, which can be due to a saturation of the receptors and/or transmembrane 
channels on the cells. Further research is needed to either confirm or deny these speculations.   
 
Zfp36 induction and regulation of pro inflammatory cytokines 
Zfp36 is an RNA binding protein that regulates the stability and translational changes of 
mRNAs of interest (such as inflammatory mediators) by binding to AU-rich element (AREs) 
in their 3’-UTRs [48]. Zfp36 was seen to be upregulated (2-fold at 5µg/mL) in response to 
interactions of Caco2 cells with Giardia secreted glycoproteins. Same pattern was observed 
by Ma’ayeh et al. [39] in response to Giardia ESPs. As suggested by Ma’ayeh induction of 
TTP might be the responsible for the discrepancy observed between the transcription of 
cytokines/chemokines genes by the host cells and the amount of cytokines observed in the 
experiment medium. 
 
Clark et al. [49] described a working model for the TTP activity. During an early phase of 
response to a pro-inflammatory stimulus, MAPK p38 promotes the expression of TTP that 
accumulates in a phosphorylated and therefore stable but inactive form. This TTP 
conformation allows for the expression of the inflammatory genes. Once MAPK p38 activity 
starts declining the balance between phosphorylation and dephosphorylation shifts resulting 
in a dephosphorylated TTP which is active but unstable. Accumulated TTP will become 
active blocking translation and promoting mRNA decay.  
 
The previous model is, in that way, consistent with previous findings where an increase of 
MAPK p38 decreases the amount of active Zfp36 and vice-versa [57].  
 
MAPK activity by protein analysis (erk and p38) and phosphorylated stage of TTP (nuclear 
and cytoplasmic fractions) require further analysis. 
 
Toll-Like receptor activation/modulation 
Toll-Like receptors are a family of transmembrane receptors involved in the recognition of 
pathogens. The recognition of PAMPs activates the signaling pathway that induces the 
production of IFN genes and pro-inflammatory cytokines. 
 
It is unknown which TLRs are activated by Giardia. However, reports of TLR4 activation in 
response to recognition of GlBiP, a secreted product, has been reported by Lee et al. [58]. 
Using Western Blot technique, TLR7, MyD88, TRAF3, RIP1 and IRF7 were shown to be 
decreased. On the other hand, an increase in TLR5, TLR9 and IRF3 was visible.  
 
TLR7 is an endosomal receptor capable of recognizing single stranded RNA and inducing an 
immune response leading to the transcription of inflammatory cytokines and type I IFN genes 
[40]. However, TLR7 is not normally expressed in intestinal epithelial cells [59] which may 
explain the minor decrease in its expression.  
 
MyD88 and RIP1 are adaptor proteins responsible for the activation of the transcription factor 
NF-kß [60] while TRAF3 regulates IRF7 activation [61]. Both pathways result in the 
transcription of inflammatory and IFN genes. All four proteins exhibited a decrease when 
exposed to Giardia glycoproteins. This decrease can affect the pathway which would result in 
a decrease on the transcription of inflammatory genes. It is still unknown how glycoproteins 
modulate this pathway but it is possible that some degradation process might be involved.  
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TLR5 is a membrane receptor responsible for the recognition of flagellin which is found in 
the flagella of bacteria [40]. TLR5 is not expressed in Caco-2 cells however it can be found in 
the small intestine cells in both nucleus and cytoplasm [59]. Since Caco2 cells might exhibit 
different types of cells on the same culture it is possible that some cross-reaction of the 
antibody with the tissue might have happen. 
TLR5 increased when cells were exposed to Giardia glycoproteins. It is possible that a 
protein of similar chemical composition to flagellin is being expressed in Giardia, resulting in 
an activation of this receptor. 
 
TLR9 is an endosomal receptor that detects pathogen DNA [40] and is expressed in the cells 
of the small intestine [62]. TLR9 increased upon the exposure to Giardia glycoproteins. A 
possible explanation for this might be that some portion of the Giardia genomic material is 
being released in exosomes, triggering TLR9 activation. 
 
IRF3 is involved in the transcription of type I IFN genes and is crucial for the innate immune 
response against viral infections [63]. Our study showed an increase in the protein expression 
after the exposure to Giardia glycoproteins possibly resulting in a TLR4 activation and 
consequent downstream signaling.  
 
The results obtained from the protein analysis of the Toll-like receptor signaling pathway 
show a much more intricate pathway than previously thought. Increase in protein expression 
like TLR5, TLR9 and IRF3 should result in a bigger response by the immune system, 
however, this is not reported. Decrease of proteins like MyD88, RIP1 and TRAF3 show a 
modulation on the pathway by the parasite affecting the immune response. 
 
The decrease of MyD88, an upstream protein, will affect the downstream signaling and result 
on a weaker transcription of IFN and inflammatory cytokine genes. However further research 
in the area is still needed to make necessary conclusions. 
 
Conclusion 
Giardia intestinalis is a continuous threat to developing countries all across the word. In this 
project we aimed to study the differential gene expression in differentiated Caco2 cells 
exposed to Giardia glycoproteins. Furthermore, we also focused on studying the induction 
and/or inhibition of the Toll-Like receptor pathway. 
 
This project verified the induction of Zfp36 and different transcriptional response upon 
exposure to Giardia glycoproteins and that cysteine proteases possibly have an effect on the 
induction of inflammatory genes. We also verified that glycoproteins induce the expression of 
Zfp36, an important protein on the regulation of the mRNA of cytokines. 
Lastly we show that there is, in fact, modulation of the TLR signaling pathway when exposed 
to Giardia glycoproteins which was also confirmed using immunofluorescence assays. 
 
The interplay between Giardia and the host immune response is complex and many factors 
appear to take part in it. Some light has been shed on the subject in the past years, however, 
more research in the area is still needed.  
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Appendix 
 
TYDK medium (tryptone, yeast, Diamond and Keister) for Giardia trophozoite culture 
 
Keister 1983 
30g/L peptone  
10g/L glucose 
2g/L NaCl 
200mg/L L-ascorbic acid 
1g/L K2HPO4 
600mg/L KH2PO4 
2g/L L-cysteine 
22mg/L ferric ammonium citrate 
12.5mg/L bile extract 
 
(All chemicals from Sigma Aldrich, unless otherwise stated) 
 
Verso cDNA synthesis kit  
 

 
Volume 

Final 
concentration 

5X cDNA synthesis buffer 4 µL 1X 
dNTP mix 2 µL 500 µM each 

RNA Primer* 1 µL  
RT enhancer 1 µL  

Verso Enzyme Mix 1 µL  
Template (RNA) 1-5 µL 1ng 

Water, nuclease-free To 20 µL  
Total volume 20 µL  

*1 µL of anchored oligo dT 
 
 

 Temperature Time Number of cycles 
cDNA synthesis 42ºC 30 min 1 cycle 

Inactivation 95ºC 2 min 1 cycle 
 
 
qRT-PCR program 
 
Initial denaturation  95ºC – 10 min 
 
45 cycles: 
 Denaturation  95ºC – 15 sec 
 Primer Annealing  60ºC – 30 sec 
 Elongation  72ºC – 30 sec 
 
 
DDCT was the method used for the qPCR analysis: DCTE (experimental) - DCTC (control) 
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Primers used for qRT-PCR 
 

Gene Abbrev. 
mRNA target 
accession no. 

Primer sequence 5’-3’ 

Interleukin 8 IL-8 NM_000584.3 
F: CTGGACCCCAAGGAAAACTG 

R: TTCTCAGCCCTCTTCAAAAACTT 
Chemokine (C-C 
motif) ligand 2 

CCL2 NM_002982.3 
F: GCAATCAATGCCCCAGTC 

R: GGTCTTGAAGATCACAGCTTCTT 
Chemokine (C-C 
motif) ligand 20 

CXL20 
NM_001130046.1 

NM_004591.2 
F: TGTGCGTCTCCTCAGTAAAAAA 

R: GCAAGTGAAACCTCCAACCC 
Chemokine (C-

X-C motif) 
ligand 11 

CXCL1 NM_001511.3 
F: CTTCCTCCTCCCTTCTGGTC 

R: CCAAACCGAAGTCATAGCCA 

Chemokine (C-
X-C motif) 
ligand 21 

CXCL2 NM_002089.3 
F: CACACTCAAGAATGGGCAG 
R: GCTTCCTCCTTCCTTCTGGT 

Chemokine (C-
X-C motif) 

ligand 3 
CXCL3 NM_002090.2 

F: CGAAAAGATACTGAACAAGGGG 
R: TTTTCAGCTCTGGTAAGGGCA 

ZFP 36 ring 
finger protein 

ZFP36 NM_003407.3 
F: GGATCTGACTGCCATCTACGA 

R: GCTCAGGCTCCAGGGTC 

Glyceraldehyde-
3-phosphate 

dehydrogenase 
GAPDH 

NM_002046.5 
NM_001256799.2 
NM_001289745.1 
NM_001289746.1 

F: CCCACCACACTGAATCTCC 
R: TACATGACAAGGTGCGGC 

 

1 mRNA sequences for CXCL1 and CXCL2 are very similar therefore it is likely that primer 
pairs used amplify both genes. 

 
Western blot solutions 
 
Mild stripping buffer 
 
50 mM  glycine 
3.5 mM sodium dodecyl sulfate 
0.1% (v/v)  Tween-20 
pH 2.2 
 
RNA ratios 
 

Sample ID ng/µL A260 A280 260/280 260/230 
6h CTRL biorep1 2628,96 65,724 34,414 1,91 1,71 

6h 5µg/mL biorep1 1859,25 46,481 24,362 1,91 1,58 
6h 1µg/mL biorep1 1983,38 49,585 25,798 1,92 1,78 
6h CTRL biorep2 1731,72 43,293 22,729 1,90 1,69 

6h 5µg/mL biorep2 2109,13 52,728 27,564 1,91 1,71 
6h 1µg/mL biorep2 2050,27 51,257 26,088 1,96 1,75 

 
Table presented functions merely as an example of the RNA ratios obtained. 



	 35 

	
	

Figure 10 - Differential gene expression of the studied genes from Caco2 cells exposed to Giardia intestinalis 
excretory/secretory products. Sampling time points 2h (A and B), 6h (C and D) and 18h (E and F). B, D and F 
samples were treated with cysteine protease 
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